A mong the ≈700 000 ischemic strokes per year in North America, most (≤70%) 1,2 are minor and initially nondisabling presenting with transient or persistent minor stroke symptoms (transient ischemic attack or minor stroke). However, this seemingly mild presentation is misleading because the prognosis is not benign. Multiple studies have reported that among patients considered too mild for thrombolysis, up to one third are dead or disabled in short-term (90 days) follow-up. [3] [4] [5] [6] Thrombolytic treatment of minor ischemic stroke is controversial with much variation in practice. Most physicians Background and Purpose-Minor stroke and transient ischemic attack with an intracranial occlusion are associated with neurological deterioration and disability. Tenecteplase (TNK-tissue-type plasminogen activator) compared with alteplase is easier to administer, has a longer half-life, higher fibrin specificity, possibly a lower rate of intracranial hemorrhage, and may be an ideal thrombolytic agent in this population. Methods-TNK-Tissue-Type Plasminogen Activator Evaluation for Minor Ischemic Stroke With Proven Occlusion (TEMPO-1) was a multicenter, prospective, uncontrolled, TNK-tissue-type plasminogen activator dose-escalation, safety, and feasibility trial. Patients with a National Institutes of Health Stroke Scale ≤5 within 12 hours of symptom onset, intracranial arterial occlusion on computed tomographic angiography and absence of well-evolved infarction were eligible. Fifty patients were enrolled; 25 patients at a dose of 0.1 mg/kg, and 25 patients at 0.25 mg/kg. Primary outcome was the rate of drug-related serious adverse events. Secondary outcomes included recanalization and 90-day neurological outcome (modified Rankin Scale, 0-1). Results-Median baseline National Institutes of Health Stroke Scale was 2.5 (interquartile range, 1), and median age was 71 (interquartile range, 22) years. There were no drug-related serious adverse events in tier 1. In tier 2, there was 1 symptomatic intracranial hemorrhage (4%; 95% confidence interval, 0.01-20.0). Stroke progression occurred in 6% of cases. Overall, 66% had excellent functional outcome (modified Rankin Scale, 0-1) at 90 days. Recanalization rates were high; 0.1 mg/kg (39% complete and 17% partial), 0.25 mg/kg (52% complete and 9% partial). Complete recanalization was significantly related to excellent functional outcome (modified Rankin Scale, 0-1) at 90 days (relative risk, 1.65; 95% confidence interval, 1.09-2.5; P=0.026). 
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do not treat patients with minor deficits presenting within the standard thrombolytic window. The widespread perception that the prognosis is good and the nonzero risk of harm with alteplase treatment frequently leads to a decision to treat with antiplatelet agents only. It is not clear whether all or any patients with minor stroke should be treated with thrombolysis. However, the subset of patients with minor stroke and documented intracranial vessel occlusion are at particularly high risk of early neurological deterioration and disability. [5] [6] [7] [8] [9] Aggressive treatment of this patient population to prevent disability may be warranted. Tenecteplase (TNK-tissue-type plasminogen activator [tPA]), a genetically engineered mutant tPA, has a longer halflife, is more fibrin specific, produces less systemic depletion of circulating fibrinogen, and is more resistant to plasminogen activator inhibitor 10 than alteplase. 11 These pharmacodynamic differences may result in more rapid reperfusion and lower intracranial hemorrhage rates and may be particularly important in a minor stroke population where the risk benefit balance means that any risk must be minimized. 12 The thrombolysis for minor ischemic stroke with proven acute symptomatic occlusion using TNK-tPA (TEMPO-1) was designed to assess in a 2-cohort dose-escalation study whether the treatment of minor stroke with intracranial occlusion with TNK-tPA was safe and feasible. 13 
Methods
Participants
TEMPO-1 was a prospective, multicenter, 2-cohort, dose-escalation study to assess the safety and feasibility of the use of 2 doses of TNK-tPA for the treatment of minor stroke with intracranial occlusion. Adult subjects with minor stroke or transient ischemic attack (National Institutes of Health Stroke Scale [NIHSS] , ≤5) within a 12-hour window and proven intracranial occlusion on computed tomographic angiography (CTA) were treated with TNK-tPA ( Table 1) . The institutional review boards of all participating centers approved the protocol. All patients or their surrogates provided written informed consent. The trial was administered from the TEMPO-1 coordinating center in Calgary, Canada. The study was conducted under a Health Canada CTA license and the study is registered at http:// www. ClinicalTrials.gov (NCT01654445). The funders had no role in the design and management of the study.
Study Procedures
All patients were treated with intravenous TNK-tPA using their estimated weight to calculate a weight-adjusted dose. There were 2 dose tiers at 0.1 and 0.25 mg/kg. Advancement to the second dose-tier was dependent on safe completion of the first dose tier and the approval of the data safety and monitoring board. Treatment was administered as a single intravenous bolus over 1 to 2 minutes as per the standard instructions for use immediately after consent was obtained. A patient was considered enrolled once study drug had been given. At the beginning of the study, drug had to be given within 60 minutes of the first slice of the CTA; however, this was subsequently extended to 90 minutes.
Baseline imaging included a CT brain and a CTA from arch to vertex including the circle of Willis. Patients underwent a repeat CT angiogram of the intracranial circulation between 4 and 8 hours after treatment to determine whether there was complete or partial recanalization of the occluded artery. This repeat CTA was not completed if there was an allergic reaction to the first CTA or the estimated glomerular filtration rate was <40 mL/min per 1.73 m 2 . All patients underwent standard of care medical management on an acute stroke unit and underwent follow-up brain imaging at 24 hours with CT or at University of Michigan--Ann Arbor on February 27, 2015 http://stroke.ahajournals.org/ Downloaded from MR. All imaging was transferred to Calgary for central review by an independent neuroradiologist blinded clinical outcome.
The primary outcomes were safety and feasibility. Safety was assessed by the rate of expected serious adverse events associated with study drug. Expected study drug-related serious adverse events included (1) symptomatic intracranial hemorrhage (ICH) with associated neurological worsening (NIHSS increase of ≥2 points different than baseline), (2) symptomatic extracranial hemorrhage defined as that requiring inotropic support or other means to maintain cardiac output, requiring blood transfusion of >2 U of packed red blood cells, or associated with a fall in hemoglobin ≥5 g/dL, (3) severe orolingual angioedema defined as airway obstruction requiring intubation, or (4) thrombolysis-associated hypotension defined as a drop in blood pressure that requires inotropic support. The Safe Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST), 14 European-Australasian Acute Stroke Study (ECASS), 15 and National Institute of Neurological Disorders and Stroke 16 definitions of symptomatic ICH were also assessed. Feasibility was assessed by the rate of recruitment.
Secondary outcomes included complete or partial recanalization, neurological and functional outcomes at 90 days, and recurrent events (stroke progression and recurrent stroke). For any recurrent event a patient who worsened as a result of a deterioration related to the presenting event would be rated as progression, and those with a second embolus would be rated as a recurrent stroke. 17 Patients were followed up for 90 days with in-person follow-up at 24 hours, 48 hours, 5 days (or at discharge if earlier than 5 days), 30 days, and 90 days from enrollment. All study personal were trained in the application of the NIHSS and modified Rankin Scale (mRS) scores. NIHSS was completed at all follow-up time points and mRS/Barthel scores at 30 and 90 days. Excellent functional outcome was defined as mRS 0 to 1 at 90 days and good functional outcome as mRS 0 to 2 at 90 days. A blinded trained investigator assessed all outcomes.
Statistical Analysis
The sample size was a convenience sample designed to provide at least modest precision around the point estimates. The dose-escalation safety design follows the design of Storer 18 and is based on cancer trials. Data are reported as simple proportions with associated exact 95% confidence intervals. Recanalization was assessed centrally by comparing the baseline scan with the follow-up scan and designated as complete, partial, or no recanalization.
Results
Patients were screened at 8 sites in Canada between July 2012 and July 2014, and 50 patients were enrolled in the study (25 in tier 1 and 25 in tier 2) from 4 sites (please see the online-only Data Supplement). The rate of recruitment was 0.3 subjects per site per month with high variability between sites according to the use of CTA as a routine examination for patients with minor stroke. Baseline characteristics are shown in Table 2 . Patients were treated early with a median time to treatment of 3.5 hours. A percentage of 62 (31/50) patients were treated within a 4.5-hour window. 19 Sites of intracranial occlusions were middle cerebral artery (MCA)-M1 (9), MCA-M2 (23), MCA-M3 (10), posterior cerebral artery (2), and vertebral artery/posterior inferior cerebellar artery (3). There were 2 (4%) subjects who did not have evidence of an acute intracranial occlusion and 1 (2%) subject who was judged to have a chronic vertebral artery occlusion after central imaging review.
Outcomes
The primary and secondary outcomes stratified by dose tier are shown in Table 3 . There were no drug-related serious adverse events in tier 1. In tier 2, there was 1 symptomatic ICH (4%; 95% confidence interval, 0.01-20.0). There were no symptomatic ICH by the SITS-MOST definition.
14 The single patient with a symptomatic parenchymal ICH had a small temporal lobe hemorrhage (20 mL), which was transient, and she had an independent outcome at 90 days (mRS=2). In this case, the occluded M2-MCA branch was effectively recanalized with TNK-tPA. There were no other drug-related serious adverse events in either dose tier. Repeat CTA (or other follow-up vascular imaging) at 4 to 8 hours was completed on 96% (48/50) of patients (in 1 subject, a follow-up MRA was completed instead of CTA showing a persistent occlusion and in 1 subject deterioration before follow-up CTA lead to a subsequent cerebral angiography with rescue endovascular therapy, which showed that the symptomatic vessel remained occluded). Patients without baseline occlusion were excluded from the recanalization analysis leaving 46 patients for recanalization analysis. There was a high rate of complete or partial recanalization in both dose 
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tiers with higher complete recanalization seen in the 0.25 mg/kg tier. Overall, 66% had excellent functional outcome (mRS=0-1) and 90% had an independent outcome (mRS=0-2) at 90 days. Breakdown of outcome by dose tier is shown in Figure 1 . Complete recanalization was strongly associated with excellent functional outcome (mRS=0-1) at 90 days (relative risk, 1.65; 95% confidence interval, 1.09-2.5; P=0.026). Figure 2 shows 90-day functional outcomes by recanalization. Three (6%) patients had stroke progression and 2 (4%) had early recurrent stroke, too few outcomes to assess the relationship between recanalization and progression or recurrence. However, no patient who had complete recanalization underwent symptom progression. One patient (2%) with symptom progression was taken for endovascular rescue therapy.
Discussion
We have successfully demonstrated the safety and feasibility of thrombolysis using TNK-tPA for the acute treatment of minor ischemic stroke or transient ischemic attack with proven intracranial occlusion. Recanalization is strongly associated with an improved clinical outcome and rates of recanalization are high with moderate dose TNK-tPA (0.25 mg/kg). There was a single occurrence of ICH that did not affect functional independence at 90 days. Previous work has shown that minor stroke can be associated with a high level of disability and that this risk is especially high among patients with intracranial occlusion. 20, 21 Overall, there is a high rate of functional impairment (mRS=3-6) approaching 10% in both dose tiers, and a 34% rate of any functional impairment (mRS=2-6). This is slightly lower than the 46% rate of any functional impairment that was seen in the NIHSS 0 to 5 tPA-treated subgroup in the third international stroke trial (IST-3). 22 TEMPO-1 confirms that the prognosis of minor stroke and transient ischemic attack with proven occlusion is not benign.
High recanalization rates with thrombolysis are achievable in this population. Minor strokes frequently have distal occlusions that may respond more readily to thrombolytic therapy than more proximal occlusions because of a lower thrombus burden. Furthermore, there is a clear relationship between recanalization and excellent outcome. 23 This has not been previously demonstrated in a minor stroke population TEMPO-1 sICH defined as intracranial hemorrhage with associated neurological worsening (NIHSS increase of ≥2 points different than baseline); NINDS sICH 16 defined as any hemorrhage plus any neurological deterioration; ECASS 15 sICH defined as any hemorrhage plus a neurological deterioration of ≥4 points on the NIHSS from baseline, or from the lowest NIHSS value after baseline to 7 days or leading to death. SITS-MOST 14 sICH defined as local or remote parenchymal hemorrhage type 2 on the 22-36-hour post-treatment imaging scan, combined with a neurological deterioration of ≥4 points on the NIHSS from baseline, or from the lowest NIHSS value between baseline and 24 hours, or leading to death. aICH indicates asymptomatic intracranial hemorrhage; ECASS, European-Australasian Acute Stroke Study; sICH, symptomatic intracranial hemorrhage; SITS-MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NINDS, National Institute of Neurological Disorders and Stroke; and TEMPO-1, Tenecteplase-TissueType Plasminogen Activator Evaluation for Minor Ischemic Stroke With Proven Occlusion. *2 patients in each cohort either did not undergo early repeat CTA to assess recanalization or did not have an occlusion on baseline scan so were excluded from this analysis.
and supports the hypothesis that thrombolytic treatment could result in better outcomes. Recent work examining the combined tPA trials suggests that there might be a therapeutic benefit to thrombolysis for patients with minor stroke defined simply by NIHSS≤5. 24 Complete recanalization rates of 39% (0.1 mg/kg tier) and 52% (0.25 mg/kg) are lower than that were reported in a recent study using TNK-tPA in moderate/ severe strokes (35% and 80%). 12 However, the recanalization outcome in the previous study was measured at 24 hours after drug administration when compared with 4 to 8 hours, a much earlier time point in TEMPO-1. 12 Assessment of recanalization rates at earlier time points is more likely to reflect a time period where recanalization could affect clinical outcome. We also observed a low rate of progression in patients with minor stroke and occlusion in TEMPO-1 when compared with our previous work in the (6% in TEMPO-1 versus 19% in CATCH). 9 This could reflect a therapeutic effect of vessel recanalization arresting stroke progression.
There is a low (but nonzero) risk of ICH associated with thrombolysis in this patient population. The background risk of symptomatic ICH defined by coronary thrombolysis (using any thrombolytic agent) trials is ≈0.5%. 25 A recent study of thrombolysis in stroke mimics also found a low (1%), but nonzero risk of ICH. 26 The recent individual patient thrombolysis meta-analysis found a 0.9% risk of fatal ICH in the NIHSS 0 to 4 subgroup. 24 Nevertheless, because patients with minor stroke have either been excluded a priori or under-represented in most of the stroke thrombolysis trials, the balance between excellent outcome and the risk of ICH is not clear. The acceptable risk of ICH must be significantly less than in major stroke to justify the risk of death and disability as a complication of treatment. The use of 0.25 mg/kg TNK-tPA (50% of the approved coronary thrombolysis dose) as the dose choice reflects previous studies in major ischemic stroke. 12, 27, 28 The longer half-life and favorable pharmacological properties of TNK-tPA may permit lower doses to have prolonged therapeutic effect with preserved safety.
During the course of this study, we showed that a single center that routinely uses CTA in clinical practice (Foothills Medical Center, Calgary) was able to randomize >20 patients/y. Other sites were not routinely using CTA in minor stroke and this resulted in a low average recruitment rate. A phase 3 trial in this population is feasible if sites routinely use CTA to screen all patients with ischemic stroke. This will be facilitated in Canada by the updated Canadian Secondary Prevention guidelines, which now recommend the use of CTA in the screening of these patients. 29 With the recent publication of a positive trial 30 for endovascular treatment of acute stroke, it is likely that more and more centers will routinely use CTA in the screening of all patients with stroke. Acute endovascular therapy was not a barrier to enrollment in TEMPO-1 because it was not routinely offered to patients with minor stroke. Within TEMPO-1 itself only 1 patient (2%) was taken for rescue endovascular therapy. Limitations of this study include the fact that this was a proofof-concept safety study with a relatively small sample size. We have shown, in a multicenter Canadian study, that it is safe and feasible to treat patients with minor stroke and intracranial occlusion with thrombolysis using TNK-tPA.
Furthermore, even in this minor stroke population, recanalization is strongly associated with improved clinical outcome. A larger randomized controlled trial is needed to prove that this treatment is efficacious.
